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(57) Abstract: 

PROBLEM TO BE SOLVED: To 
obtain an integrated semiconductor 
light-emitting device capable of 
emitting lights with different wave 
lengths and forming compactly, by 
providing a plurality types of 
semiconductor light-emitting 
elements with different light- 
emitting wave lengths on the same 
substrate. 

SOLUTION: An AIGaAs based 
semiconductor laser LD 1 with light- 
emitting wave length of 700 nm 
band and an AIGalnP based 
semiconductor laser with light- 
emitting wave length of 600 nm 
band are integrated apart on the 
same n-type GaAs substrate. In the 
semiconductor laser LD1, an n-type 
buffer layer 1 1 , an n-type clad layer 
12, an activation layer 13 with a 
single quantum well structure or a 
multiple quantum well structure, a 
p-type clad layer 1 4, and a p-type 
gap layer 1 5, are laminated in 
sequence on the substrate 1. In the 
semiconductor laser LD2, an n-type 
buffer layer 21, an n-type clad layer 
22, an activation layer 23 with a 
single quantum well structure or a 
multiple quantum well structure, a 
p-type clad layer 24, a p-type 
intermediate layer 25, and a p-type 
gap layer, are laminated in sequence 
on the substrate 1. 
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2, pSA 1 Ga I nP^7-7 KJ12 4, ?£t4Jf 2 3, 
niA IGa In Pyyy Kg2 2* > i:0 ; nlGaAs 
;<y~7yM 2 1 £IH#^^y^t"3o 

[0050] friZ. M 1 6 \C7frf± 9 ^'Jx.^^ 
^fcV^i/- (MBE) mc£<0> mA.i-£2 8 OtlS 
<7)$tt®£T\ i^iBl3 3 7 b LT\ nSG a A 
s^77l4 1, nSZnSe^777l4 2, nS 
ZnSSe^y77l43, nfZnMgSSe^77 
Kg44, nMZnSS e7t^l4 5, St±Jl4 6 S 
pSZnSSe»|47, pSZnM«SSe^7 
-,yKJi4 8, pSZnSSe^5'7i4 9, p^Zn 
Se3^^hl50, plZnTe/ZnSeMQW 
S5 lfc^piZnTeay?^ hJf5 2 £HH^S 

[005 1] I) yy'yy-J-l^X*), plZnT 

e^lsfy hJ§5 2 a^-co^<D^ffiS:|ft \ ji^o, p 

iZnTeay?^hi5 2 ilr^f/g^l^^SHfrJt 

z.<DUi?x hs<?~-y%^*y b UpSZnSS 

e*\yy°M4 9C0m£jtt<D&<$C0m£-£Xv^y h 

nSSe^rf y^»4 9 <7>±g)5, plZ n S e => >^ 7 
K)f50, plZnTe/ZnS eMQW|5 liSXU 
pSZnTea^^ hil5 2&* b-y4y'&m^<? 

[0 0 5 2] iWc, -«xyfy7'tfflV^W^ 

-v 7 y >-->Tfeir J; DAI2O3 HII££ffitrffMLfd£, 

K^->^<D±^jm^ntcA 1 2 o 3 lit 

[0 0 5 3] ftd, »3 3 4'^y^>'^*Lfc 



(6) 1 1 -1 8 6 6 5 1 
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h 1 8 {r^-t-j; ? mi (omrnmt mmt t 

T, ] Jy hj-ym~£<9, A 1 G a A s ^^fcl/- -f 
L D 1 CD#i]xJiT i/Pt/Au mm<D J; 0 /£ p ftijltfg 

17, AlGaln P5f^#ftl^-*L D 2 (O^WtT 
i/P t/Aum®^<t9^pft'lffl:li2 8, ZnSel 
^flci^-if L D 3 (DfiWfP d/Pt/Au ®H<7> «t 
0 & p ffifilS 5 4 £fi^5fe1-5> 0 
[00 54] Hi . 9{CSrTJ;9^ pfflfi&l 
7, 2 8, 5 4 5 piZ n T e 
70 ^hS5 2, pSZnTe/ZnSeMQW|5U p 
SZnSe^y^^ h@50, pIZnSSe^tyT" 
J§49, p!ZnMgSSe777Kl48, plZn 
SSe7fei*i4 7, ffit£Jl4 6, nMZiiSSeTt^ 
i©§4 5, i\WZ nMg SSeyy-y VM4 4 , n^Z 
nSSe/^5'77i4 3 > nfZnS e^-;77|4 2 
*5iU : nSGaAs^777i4 1 ^y^yyl^^i' 

[0055] nlG a A s Wfc 1 <DMM\^&\x.\t 

ft? 1 nm^Btfttz z.t^x'o nimm 2 9 ^m^r 

[00 56] -B£« ± 5 ti LT IHC flli&d W 

^tt/t niG a a s s^g 1 Lxm$m%s 

rcD^, i<o±9iat# Wife u—lff - s» -7°$-/ <yy- 

[0057] r. <nm 2 <D^mm^ & zmm^mtt^ 
—rmm^xtu-is mymm* 700 nm s©A 1 g a 

50 A s ^^^V— if L D 1 bmym&tf 6 0 0 n m^cD 
A 1 G a I n Pl^ftU-fLD 2 ir^Ttftft^S 5 0 
0 n m^(0 ZnSe m^mt$^~ ~f L D3b ^^-5^ 
bl~£>0. DVDffl(OWf*HT6 0 0nmSi5 

0 0 n i <n-W&oy$L&<n %(D&^l 0 tH-fr ifiX 

% z> b b h \^ ^thh co u—fyt b m&m^. c D *s it* 

y7\zv~ ifTtMirLT^^rsrttriO, DVD, 
C Dio iU^-lDcDV vf tu75ff4t /ciif^t, pTfigi: /«£ 
49 60 L-^^t, wtl^OA 1 G a A s ^^frWfLD 
1 , A 1 G a I 11 P^^i»^ WiFLD 2fecttFZ n S 
e f L D 3 ii, [Si— <D n MG a A s S1g 1 

ZC0tctt>, %^yyTyy°(D'bm. 
\tkm% 1 Lfc^oTDVD^ScO/J^ft:^ 

[0058] U20ttr <»sfflo>%i 3 ommtm- X. 5 

[ 0 0 5 9 ] H 2 0 tTKt J: 9 lr , - <?? 3 (DM^M 



(7) 



1 1-18 6 6 5 1 



11 

MtLvmm*.(D's i cwtR2±.\z^ oo n 

mS? 7 8 0 nm) cOA 1 G a A s ^i^ffl- 

-If LD 1 %ymm>6 OOnmS (M*J& 6 5 
Onm) COA1 Ga I n P^^fe^— f"*LD2 t, B 
afcifi^S 4 OOnmS ($]x.tt\ 4 1 0 nm) cOGa N 
■^m^fU- if L D 4 £ /J\ 2V ^r#S£ Lfc#*f 
ItZtlX^Z, 

[0060] Al Ga As^^ftWifLDl:fc\fcT>' 
AlGaln P9f^gf£u— if L D 2«, Hi 

[006 1] G a N^^l^U—lFL D 4 vfte, 
SiCSt£2±fr, GaN^777i6 1« nfAlG 
3^77^6 2^ nlG a Nft#$Jg 6 3 , #ijx.i£ 
I n G a Nfrhte&MQWffi&<D%>&m 6 4, piGa 
N7fc^ifea6 5, pMAl GaNty y Kg 6 efcilf 
pSGaN^y^^ hl6 7#W<WSB£tvtv^ 0 p 
SGaN^W hf6 7±iriipftijffl^6 8^-5 
ytzii/ZtY LTIS 1 7 <bttTV ^„ p tmM 5 4 <b L 
Tte, MxJi'N i/Auffi^ffl\/^tb6 0 

[0 0 6 2] Si CS^2<0«®(mn«a:ti2 9/S\ 
iCOS i Cffigl W-V^ay^^ hLTtSfjiyx 
TVSo r<Dnfti|B@2 9i: LTtt, Mx.(£Ti/Al 

[006 3] rcO#3\ A 1 G a A s*^(*V— ifL 
D 1 COp$]@gl 7, A 1 G a I n P^WCfcl— if L 
D2cDpffil]ttg2 8i3j;^GaN^4 £ #*^-ifLD4 
<OpffiBt§6 8 ft, /-ty^— X 3 0 -LirSVfrS 

[0 0 6 4] _b£co<£ 5 f;:fi?j$£ tvtrcoig 3 (nWffit 

mi- x zmm^fc ^-Ttmi-^ p ffiiias 

1 7 i n(M®^ 2 9 <!; ^(-ffi?jl^?5tti"C ti'X^A 1 
G a A s if L D 1 ^<PBrf5 r i 

piifi2 8 i: nmmm2 9 b<Dm\znm&ffi-tz.k\z 

X 9 A 1 G a In P^tff#U— if LD 2 £IStrf 
WW . p#lfflM6 8 t nffl«^2 9b<Dm^9:^ 
: Mi~^.b\'X "9Ga N*^*l/-if LD 4 £iS!rt3 
C^WSJ^lrftoTV^ ^LT, AlGaAs 
^4^^^-if L D 1 zmhfZ r t ir i *) jftg 7 0 0 

nmS (#i|;t{3\ 7 8 Onm) CO I— if "9 aj-tC 
£#T'£\ A I G a InP$^Wl'-fLD2l;»l 
t6;iia^fi6 0 0nmS (0>jx.«£ 6 5 On 
m) <DV~^%^ v )WrZ.bifiX^, G a Nl^ft 
ifLD4^S»tSri(rj:^}lSg4 OOnmS 
(#J;U£ 4 1 Onm) COL— if 7fc£© 9 ttt^ 
# 5 <£ 9 (r^oTV AlGaAs ^^($1-— if L 
D 1 4-iabi-6/5\ A 1 G a In P^^L— if LD 
2&mW?i>i)\ G a N^^fc U~ if LD4 
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20 



30 



±&<DX 9 \mf&£tltzZ COH 3 CO 

g^fr t—if^Kco^it^-^iro 



[0065] 

[0066] Si\ 021 \Z.7Fi~£ 0 \~> SiCS*&2 
.Be;, tf'I^llMOCVD&trj;^ nlGaN^y77 
■ 6 1, nSAlGaN777M6 2, nSG a N?t 
S|$tJi6 3, gt£H6 4, P SGaN7t#ftg6 5, p 
MA lGaN^77 Kg 6 e&itFpMG a NaV^ 
hg 6 7 £|ifi<fe£S£-fr-5 0 ^wT% In^tf^fr 

mxh&ffi'me 4co^?ustt^Rtf7 6 otmgt 

U I n^$^(/^nMGaN^<y77il6 1, niA 
lGaN77^F|6 2, nMGaN7fe^&e6 3, p 
®GaN7fe^}feg6 5, pSAlGaN77^Kl66 
fc'J:!>'pSGaN3^^ hi 6 7<OJ#ftSJg«l 0 0 

0 < cs)t<b-r5 o 

[006 7] ^tC, ^lx.tfCVDfe(Ci «9 pfG a N=i 
>??hm6 7co£fiSir#i|x.H?S i 0 2 i Nflg/i 

^COtei^ 3 1 ^ COi^tfli 3 1^ 

[0068] m22\z.m-xbK, M3 i* 

t LXmxitR I E'&coj; 9^ K7-Y^^^>^* 
ilCJ;»)pSGaN3V?7M6 7, pSAlGaN 
77'7KI6 6, pMGaN7t^fel6 5, ?Stt®6 
4, nlGaN)^l6 3, nSAlGaN77yK 
i6 2fcj:l) ; nSGaN^77i6 1 SrIH^i/^V 

[0 0 6 9] ^tr v m 2 3 f^fi 9 fr s *fei^3 l£ 

T^.^i:LT, Wx.ti'MOCVD&lrj:^, ±itco^y 

^•V^irj; >9SffiL7tS i CS«2<0*E(rnMGa A 
s^777fl L nfAlGaAs^77 K/pl 2, 
ffitSl 1 3 , pMA lGaAs777Kfl 4*3 J; V p 
MGaAs^t y7l 1 5 £igft&g$-ti:3o 

[0 0 7 0] i^«3 1 ^v^ifW^fz. 

^ m 2 4 {CTtfrX 0 Wili'CVDftl: X'O pMG 
aAs^^H 5joiU!pSGaN3^^ h®6 
7 cO^®^0i]x.ii S 1 02 81-^5 1 Nlf^t'cOiiQi8t3 
3^0)55tL, ^cO|fe^flf3 3^-7^y^trJ:i9F9T^ 

tt-'O 

[0 0 7 1 ] 122 5('/TrfJ:?ir, ^COif6^Bf3 

3lr^^i LtpSGaN^^^ h)p6 7, p^G 
aN9fe^®6 6, Sttg6 5, nMG a N;fc3r$Ji6 
4 s 11IA lGaN77>7 KJf 6 3*J«tLKn^G a W< 

[007 2] JttC* HI 2 6 trgrf - i 5 1, IfelSfll 3 3 & 

^->' 7'|rj; i9Htii Lfc S i CSlK2<0*p; nfiG a A 
50 s/'<v/7r)i2 1, 11 MA 1 G a I nPfyy KH2 
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2, p^AlGa I nP?yy KJB2 4, 

plGa I n P« 2 SfciVpSG a A s 7^ 

[0 0 7 3] &tw, ^8^3 3^y^>^*Lfc 
MttiCVDm^ X 9 pMG aAs^f-y y7°m 1 
5, pMGaAs^^-y7^2 6i3j:t^pMGaN='>- 

^ Nf 6 7 CD^ffi^Jxtf S i 0 2 flg-^S i NlKciT 

coi^n (m^-fri 1 ) ^<Dmm^<y?-> 

AlGaAs^77KIl 4fc<tt^pMA 1 G a I n P 
^ 7 y b'JSt 2 4 «0J?$^fS]£Oiii>f £X^y 
-rZZki'ZV. H2 7{r^r«t9(', pSAlGaA 
s^7yKIl 4<Diilf|yb v J:0 $ pSG aAs^r-y y^Tf 
1 5£x by47l&m^5'~~>y-tZ>bbi>^ p 
MA 1 G a InP^77Fl24 <D_kg|$s pMG a I n 
PWf 2 S&itfpMG aAs^f-c y7°J§ 26^h 

tnfGa As®fE$^J§l 6, 2 7i/i5nSGaA 

si3 2 £ -frTitfeii tf„ 

[0074] mM^3 3^^y^>yW^Ltc 

H 2 8 £ ? fgl OltMi i:[RH$|rL 
Xs V 7 b^m^X 9 , A 1 G a A s »^NWt:v— 9* 
LD 1 »^Jx.liT i /P t/Auli»J;5ipIii 

17, A 1 G a I n Pif^gfrt— »f L D 2 <O0i);ti±*T 

i/P t/AufflffiTOj;5*pftiafii2 8, GaNm¥ 
mfoU—f L D 4 <0M X.I2N i/Au ffit&© <fc 9 4 p ft! 

[0 0 7 5] H2 9(r^-ri5{'s pffiWfflll 

7, 2 8CDP B lO^77ioi0 : 'p#ie:1l2 8i:pMGaN3 
KJi6 7i:Wra<7)g|5^fc^5)nMGaAsJi3 
2, p^A 1 Ga I rxVyyy KH24, ffit±j§2 3, 
nSAlGa I nP^75'M2 2*3j;t) ! nSGaAs 

;< y y 7 m 2 1 &mfc^y3->-7lfe£rfZ><, 
[00 76] S i CS1S2^®(-Mxtt*S^ 

y ^&ti i 9m«:T i /A l m&B 

[00 7 7] fcir, _B£co J; 5 £ LT i^-if Iffifi^W 
Stif'S i cK1£2£^Hfti~fff»LTi^«Sffi£ 

[00 7 8] d <D% 3 roHfeff^tr i 5ftlf^ 
— f^ttti ,fctUi> 3S}fci!fc&&S 7 0 0 n mW<OA 1 G a 
A s l—if L D 1 £3g7fc$fl^ 6 0 0 n mSftO 

A 1 G a I n P^^j^U— if L D 2 tSgSfcjjtlM* 4 0 
0 nraffflG a NS^^fLD4 t Zfi-fh^k 
{CXK> : DVD.IO U—if )fc k L -CjftS 6 0 0 n mflf i: 



(8) Wll-1 866 51 
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Sit fcfc, dti<b<A u-HFfcitta&l-CD 

•^77 7°t^ l^-ifTfeMi LT^«^-6 i k K «t •? , D 
VD, CDfciVMDfDV^-f^lf^/dif^t^ 
i*ft„ U&»fc, wtlt)OA 1 G a A s 3fc¥^(£w-if 
LD 1 , Al Ga In P^^ftl^— if LD 2:fc\fctfG 
a N^^frW-if L D 4«, 0-©S i CS1S2±(r 
70 *fi**ufc*9WWifc J; 0 l^if £*Vtl >S 

H5^i^-c#, Ltci>^xDVDmw<n'hmit&mz> 

[00 7 9] 113 0te.Z.<D$m<D%S4 (DMti&3&m\Z£Z> 
1 0 0 8 0 ] ffl 3 0 \Z7tf-£ 0 Id. ^C0||4 (nWffiM 

^ X zmm&Mfo v^-ifg»^iav vt J4, M^Ltf c E 

#-(&<^«t&DS i CS«2±(r, 3S3te»ESdS6 0 On 
20 (CTxfiv 6 5 0 nm) ©AlGaln P?&^ffc 

U—fh D2t> 500nmS (#Jx.t2\ 5 

1 5 nm) (DZnSe%k¥m&l'~ ifLD3i, 
fi^4 OOnmffi (W*.^ 4 1 0 nm) <DG a 

igftv-if ld4 sv sr^Bi LtzvmxmMitz 

[008 1] A 1 G a I nPl^ft:^- ifLD2(40 

i (Dmmmx^tz t m&im8.%i* u znsei 

¥9Wfc if L D 3 tt^ 2 (D^SIff^iTSi^fc t m&te 

[008 2] r A 1 G a In P^#^$:U— if 

LD2<Opffl©i2 8, Z n S e ^^frW if L D 3 
<75pfti|®H5 4 fcit^G a N^4^^^— if LD4C0p 
ffli]Stei6 8 fi, ^y^-v^-^ 3 0±(rsv ^trffiMM 
K#flt Lfc^T^Jt fettfc t - b ~y>y HI, H2*J 

[008 3] ±i*OJ: 0 \Z.m&£*VttZ.<D%4(T>$dm 

m\^x z>-£m^fc wiMSEtrjov vr«u pftiia® 

2 8 i n 2 9 1 (rm^mM^mtZ. t\ZX*)Al 
40 G a I n P ?k¥Wf 1 — if* LD 2 MffiytZ Zt^X 

§ , p mmm 5 4 1 n «h& 2 9 1 wrateaE^ jtt- r. 

tKXVZnSe l^-if LD 3 SrBWrt-S - i 

, p filSffi 6 8 i n ftlia^ 2 9 i (Offl (cffl^lr!^ 

■f r <t (r J: 9 G a N^^ffi— if L D 4 ^WrT5 r 

i^-C#4«t9l"/iotV"5 0 LT , A 1 G a InP 
ifLD2 4r!H»rr6wi:Hii9^ft6 0 0 
nmflt (0*Jx.fi, 6 5 0nm) © l^-^SrJS 0 ffl-fr 
tsiSt?*, ZnSe t—if L D 3 ZmfrfZZ. 

feft 5 0 0 n 5 1 5 n m) cn i- 

50 — !fJt^9tbi-wt* s Tf s G a N*iNW*W- if L 



(9) 
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D 4 &SWrf5 - h £ £ 19 fcR 4 0 0 n m^F (tf'lxJi, 
4 1 0 11 m) O l^-if "9 ffiT £ 5 i 9 H 
fcoX\ ^ 0 A 1 G a I n P5S^f$:u— if L D 2 

ZnSe ^^/*^f-'L D 3 
J&\ GaN?fc^{*W-1fLD4£!»rS;^0^ 

[0084] ±i£<D£ : j\Z.m$.£tltc^<Dm4<r) 

f0 08 5 J irf\ H3 lC^-JoK:, SiC*l£2 
±C WX-dMOCVD^i"?, nSGaN^777 
16 1, nSAlGaN^77K§6 2, nSGaN* 
^£16 3, Sf£/l6 4, pSGaN7fe^/i6 5, p 
MA 1 GaNtyy KJ§6 6i3j:lKp§!JG a N=>777 

mx'-foZfttms 4<o^ragii^]x.ii7 6 o°c*iJ£i 

1 GaN77'7 K/f6 2, n^G a N7fc#$)l6 3, p 
SGaN^fftieS, pSAlGaN77-yK!6 6 
^WpSGaNa^^ Mg6 7 CD^fijgtt 1 0 0 

[0086] H 3 1 (d^-f-J; 9 ^l^iiC VD 

fe^i <9 p^G a N=" 77 7 hg 6 7 (D^S^IxJiS 

1 0 2 B^»S i Nfig#mj&filg|3 1 %Bl$ Ltcfe, Z 

[0087] HI 3 2 ClTjrf J: 9 (r, ij^fll3 1 £ 

-^7.7£ LT#'Ix.f±*R I Ey£»J: 5<e K^^f^T* 
jfet'J; 19 pSG a N=> 777 h^6 7 , pSMGaN 
797KS6 6, p§yGaN7ti»fe®6 5, ?&ft/f6 
4, nMGaN7t2f»g6 3, nlAlGaN^7'7K 
Me 2:J3<£U : nMG a N^<-777l6 1 iffifc^yf-ls 

[0088] |U3 3lZ7rrf£o^ j«3 l£ 

=f V7*£ «t "5 ^tti Lfc S i CK« 2 OiSffiC: 11 ®G a A 
5^7712 1, nSAlGa InP77yFI2 

2, gt£/f2 3, pMA 1 Ga I nP^77 W§24, 

pMG a I 11 P$>Wim 2 5 JoiVpMG aAs^ '77° 

Jf 2 6£iS#U#^£-£S 0 
[0089] &|r, jjfep]||3 1 ^v^VWklkLtz. 
tetfCVDSCJ: >9 pSG a A s 77711 2 6 

ib'WpSGaNay^^ Nf 6 7(0^ffi|^i|x.tfS i 

0 2 BI-^S i NBI^i'cDMI (H^-ti-f) Srff^U 

014-^^7 £ L't plA I G a I n P 7 y v KJf 2 4 CO 
3 4 (r^-t* J: 9 (C. pSAlGa I n P7 7 -7 K/I 2 



/0 



20 



50 
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4CQ±g&, pMG a I nP"fii 2 SSUtfpMG a A 
s yy°M 2 6 &7 h7^7M^-= >-^i" 

7JrtonlGaAs|32 £riSft&ft ^-frrffi^ii 

[0 0 9 0] ^lr, E) 3 5 i 9 C VW^CVD 

£|: < t')plGaAs^t5'7l2 6 1 nSGaAsi 

3 2*Ji^pMGa N^>77 h®6 7<D^Ei^Jx<i" 
S i 0 2 B^S i N^£"<73$gi^3 3»£L7cm> 

*i|>gc07, h7^7fmi^7-=>7/-t--5o 

[009 1] H3 6I^Trj:9^ «33^ 

■7^iLtnSGaAsl32, pSAIGalnP 
77> K®24, fgtt®23, nSA 1 Ga I nP75 
y Kg2 2joJ:U:nMGaAs/<-777g2 1 

7^>7*i-6. 

[0 0 9 2] &fr, H 3 7 \C7fcf X b m<iMBE 
m^£V), Mx.{f2 8 0 < m^(D^}g^X% S^Bf3 
3*^^7 £ LTs Jiili0^o / ^->7"(r J; ^StliLfcS 
i CStg2<^^nSGaAs/<-777®4 1, nl 
ZnSe^?'77i4 2 > nSZnSSe^77i4 
3, nSZ nMg SS e77~7 K®4 4, nfZnSS 
e7 t^S4 5, ffiiM46, pMZnSSeTt^tg 

4 7, P ®ZnMgSSe775' KS4 8, p!SZ n S 
Se^-)'7l4 9 1 pMZnS e=">-77 h®5 0, 
pSZnTe/ZnSeMQW|5 1 fcitFpMZ n T 
e a>77 h®5 2£i§fa£g£-fr5o 

[0093] ^fd, y 7777^—^^19, pfZnT 
en 77 7 h/15 2tX^^^>*ffi^lgV\ *vo, p 

§yZnTe="777hS52 ±(rF9T€*T&]iw®I)5-6^ 
i|igiO^ h^-YTH^^^— >^#1-5l-7x hy^7- 



(r, :ou-7x h^^-V^v^7 t LTpIZ n S S 
e ^77714 9<D|?$^TplC0^cfJ^$^T?7^5/ h 

^^^77*i*^i;i9^7^77'-t4Ci:(c: c t'9, piZ 
nSSe^-¥77°lf4 9<D±g|k pMZnSe3>77 
h®50, pSZnTe/ZnSeMQWiSl^t)! 
plZnTe^y^ M§5 2^)7 K7-Y7B^^/^7 

[0094] r<Drt 5 /f-77*{c:ffiV^ct'v f X K'n 

7-7^^<D**^L fcWt^M 

•77 y >7^j; 9 a 1 2 03 m&Amwmuzm. 
ui/x b-'<^~>^(D±.\m^ntcA 1 2 o 3 si£ 

[0 0 9 5] }ki', ii&rM%3 3^^.7^77'B*L/c 



ts, (a 3 9 {r^rj: 9 msi (ommm.tmm^ i. 

T. !J 7 h ;t7&|r i 19 , A 1 G a In P^^^U— 
fLD2 <0^^«"T i/Pt/Au ©feD <t 9 ^ p fflflg 
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g2 8, ZnSem^^^—fLDScD^lxiiPd/ 
/P t/AufflM<Dj;9^pffi l M1i5 4, GaNlH 
(feu— -fLD4(D^x.t£N i/Au«}iC0<fc SfcpflMt 

[0 0 9 6] iWd, E|40^^rf pfflM&2 

8, 5 4<Z)^Ogf5^*5J:D ; P#IS^5 4i:pMGaN=i 

>^ * hm 6 7 £ cDp^^^(r*j(t z>mm 5 3 , P m 

pSZnMgSSe^77 
Kg48, pMZnSSe7&#i£)l4 7, St£l4 6, 
nMZn S S e5fe^fe®4 5, nfZnMgSSe^7 
^Kl4 4, n§yZnSSe/<y^r€4 3, nMZn 
Se/^77l4 2$dXTJn%tLGa As^y77l4 1 

[0 0 9 7] #:fr, s i cm^^mM-M^tiMmM 

v y?m~x "otf'jxJiT i /a i 

ffcfZ, ^ £ t~ <fc 9 n 2 9 ^J^So 
[0098] ±ft<DX 9 LX ^—Vffi&frmt 

&tltzS i C»fiK2^<-^||^LTiSf*»SESr 

ft, Z<DX 9 LXm^>*vZ \s—*r=?y-f&;<v>r-^ 
[009 9] r W04 (DW&m^X ^MWSL^M^ 

-^mm^XtU^ ^mtm^ 6 O O n mffltDA l G a 
I n P^^&U— if L D 2 £3g7fci&g^ 500nm» 
WZnSe LD 3 bm^M^4 0 0 n 

m?ff<7>G a N&^ft L—ifL D 4 £ £ ^5 ^£(-<£ 

9, DVDffl(Dl— t^3tir LTifcft6 0 OnmfiSS 
5 0 Onmffi^f4 0 0 nm?$£<D3Sfi<Dj&ftcDt> 

£ \mSL\Z. C D*5 <fct»vlDffl<7> I— if Tfe&Et K> ffii~:i £ 

^itriD, DVD, CD*3<tT>MDOV^tUDftfei 
/cttf^^^t^So -tl^A 1 G a A s 

^^ftu— if LD 1 > A 1 G a In Plfc^ffcW- if 
L D 2*3 < fcO'G a N^^f$l— if L D 4 tt, |p)-<7) S 

ffM£tiTi ^ -I £ X <9 » ^coS^4^/$^-if^ 

[0100] ^(Dm4(Dmrnm\zx&mm 

¥mfc^-tfWWz£iU-£. ft&X'Wtr&K l G a I 
n P^^U-if L D 2 £tfcfeT3S5te1-5 ZnSel 
^ftU— if L D 3 kH&C3Ef£tZ>G a N^Wffcl/ 
-if L D 4 £ 5 d £ J; 9 , RGB H^fewigjfe 

[0101] _B&o0i, H2 , IB 3 £fcte04 



1 » 

► 

(10) 1 1 -1 8 6 6 5 1 

. 18 

[0 1 0 2] E!4 l\z.7FtXo\^ Z-oyytr 

mmx mytm^-t Lx^m^y— ? 1 o 1 £it x.t^ 

6„ cro^ffcv-if l o 1 b LTfi, _Bzi!<D0i , 0 

¥>g foV<--? 1 0 1 (Dimyt^'f^ D^< £ £ 

1rztzft<DV&A(n%&&, -ttefrh, a})*— buy* 

10 2, t'-A77"yy^l0 3, l/4j^ft^l0 
4, J*UyXl0 5, #^^10 6, fa-§7fe#tti 
ffl^Tfe*^ 1 0 7*J iU'f&^MSf^lHK 1 0 8 &#£T 

[0103] z<Dffr-( *Xt&. 4^ 

flew- if 1 0 KDffittftLrt^iM— bu>Xi 0 2|r • 

J;oTWT)t^$tk ^ib^t-A^^y y^l03* 

^-r 1 /4&&m 1 0 4 tci >?<Ktewft&35spaE*nfc 

a? ft. mn^y^i 0 striD^Tfe^tbTTtxV^^Dtr 

%ftL '^Vy^l 0 5*iJ:USl/4jftSlRl 0 4 
>Xl0 6 &gTff ^fc^ttSfflS^til^ 1 0 7 KA#t 

0 8 (rjov n "TT„ TferV ^ ^ Dtr#f ii^nfcm^ 5 W^ 

[0 10 4] <C*>\ rrtH; ±^(75^1, 02, 03 

r£t^rigr*$>6 0 

[0 10 5] £Lh, ^<D^B/lc7)^^«-o^T^tWl 

« [0106] WAtf. ±a*©SKi , 02. 03iai00 
4 ^^JBKSHrisv ^ Wfcfcfit , fflBfi v mm. 7°^ 

[0 10 7] A^lrji, 01, 02, 03JoJ:t) ; 04 

<nmmm\^ ^xa , r u— if 

i^etrjgffl ufc#-a-^ov ^-rlfe0J ufcas, in^. £ 

50 [0108] 



< 



(11) 



19 

[H 3 ] d O^CDfg 1 ^HSfc^lfc «t 5*^^^ 

[04] i <D%ffl<nm l <z>J§5^tfr «t 

im5] z mm<n% i <nmmmz. x 
[m 6 ] i <nm&m i <o»ic «t *£8^nw* 
im 7 1 z(mm<om i <o#a^fit-± aftasf^Nw* 
lis] r ^isB^^ i (vmmmiz. x 

[09] CO|gB^0^2cD»f^{rj:?>^S*j*(* 
i--1f^S&^#4#i0T';fe5„ 
[Hi 0 ] i (VWmW, 2 cD|?M#,{r <t 

it ^ mm^mk^^wm-r s tz. zxnwmmxfr 

"So 

nail] c <Dm\<nm 2 (D-mmm^ x zmm^ 

^So 

urn 2] r (mw<Dm 2 <Dmmm\^ x zmm¥m- 
fou-^i&mnmmfm&mn'f=btc}&<Dmmmx& 

S c 

mis] ^(DWM<n%2<Dm&&mi'tzmm!i¥m 
fcu-^mr>mm%mzmn^ztc*b<Dmffimxih 

im 1 4 ] ^ (d^b^is 2 <D$mm^ x 

'So 

in 1 5 ] r o^^ig 2 <r>mmm^ x zmsmm 
& \/--f£m.<Dm.i&bmmw-t 5 fc#xoiirE0T*£> 

■So 

in 1 6 ] c (D%m<om 2 co^jfeff^ir i zmmt^ 

"So 

[0 1 7 ] ~ <Dmw<DM 2 (D^JIf^r «t £-JftfiM4^ 

c»-'o 

urn 8] c <nmm% 2 #:mmm\z x zmmsmm 



^¥1 1 - 1 86 6 5 1 

20 

[m 1 9 1 - <owj\<dw; 2 (nwmm^ x simm^m 



So 

[i2o] -(Dmwvm 3 (ommm^ x z>mm?m 
& t*-mm£*rmmxh s„ 
in 2 1 ] - o^cD^ 3 nwmmz- x ^'mmxm- 

[022] c <D%w<Dm 3 (owmm\^ x 5*^^ 

'So 

[023] ^<mm<Dm3<DmmmKxi>mm^m 

wif^go$^-i*^0J-t-Sfc*6ro»rffi0-r*fc 

So 

1024] ~ <D?m<nm 3 <Dmmm^ x zmm^m 
fcu~Tmm<nm^mzmfrtz>tc.fr(Dmfflmxih 

S^o 

^0 [025] ziDWA^zinmmm^xzimm^m 
i^rmm<nm^mzm>A-tztzv><nffimmxfr 

[026] d (oigB^rom 3 (Dwmm^ x zmmtm 
& \s~^mm<n®^&zmfi~tttv><Dwtffimxjb 

[027] c (D%m<Dm 3 w^te^fllir X ££MS@i^ 
S) 0 

[028] £ (nwmm 3 ^>^fte^(r j; zmmt^m 
30 fo^~rmm^m^ : tk%m\-ftt$><nmffimx»> 

S>0 

[029] z <nw\<»m 3 (Dwmm^x i>wm.^m 
fcu-r£m<n®s&frfe%mi-tttv><Dmffimxh 

[030] ^co|g0^©^4 <n£)foWMi~X £^§§y¥^ 
^^-imB^.^r#4^0T'fo5 o 

[031] ^coigB^<7D^4 o^teBSUr x zmm^m 

5o 

40 [03 2] ^W|§B^^4(D^ff^ c t6A^4^ 

•So 

103 3] r (n%m<n%, 4 co^sfeBjiir x z>mm¥^ 
/$ u—^g^i^&^i^Bj-r 5 tz. vxDm^mxh 

[034] ^ <nmw<Dm 4 <DM&wmiz x zmm.^ 

[035] ^ <rmm(ow, 4 w^jfeff^.t' x zmmLtm 
50 i^v—^mm^BB&ijm^mM zfcwmwmxh 



So 

{H3 6J 

So 

[H3 7] 

So 

IH38] 
[H13 9] 

•So 

IH4 0] 
41] 



21 



(12) iftUfi^ i 1 -1 8 6 6 5 1 

22 

mmKx&mm*wfc^-*fmmm%,m+b lx 

1 • • • nSGaAs^tg, 2 • • -Si Cfflg, 1 2 

• • 'nSAlGaAs^77KI, 13, 2 3, 4 
6, 6 4- • • ?gt4H, 1 4 • • • pMA 1 G a A s ? 
7 7 1-1, 1 7, 2 8, 5 4, 6 8- • • pfi|®®, 2 

2 • • • niA 1 G a I nP^y KS, 2 4- ■ • p 
MA I G a I n y KJg, 2 9- • 

70 4 • • • nSZnMg SSe^y KJi 
SZnMgSSe^7^KS> 62- • 

7 V KS, 6 6 • • • pMA lGaN^77 Kg, 
LD 1 • ■ • A 1 G a A s^^frl^— IP, LD 2 ■ • 

• A 1 G a In P&^ftl'-if, LD3 • • • Z n S 
eS^ft:!^- if, LD4 • • • G a NS^B^-f 



npiatfS, 4 
4 8 • • • p 
nMAlGa 



[122] 



[04 1] 



i 



3.1 



[1214] 



~ -W(P> 



-15(p) 



[—13 
-12 (n) 




10A 
1 /4«ftfi 



103' 



101 



105 



106 



it & en ffl 
107 



I 



02 

3 y > - k u>x 





15(p) 



^11 <n) 




12(n) 
11(n) 



— Mn) 



r -4 ;■ ■• 



(13) 



«7 



iftf^l 1-1 86 6 5 1 



[HI] 









K 




in 








v- 


m 






< 


< 








C 


31 


Bl 


- C 


c 












C 






(14) 



*SBB¥l 1-18 



[H3] 



— L. 



31 



15(p) 




[H5] 



31 



15(p) 

14(p) 

13- 
12(n) 
11<n)< 



2,4(p) 25(p) 26(p) 
1 ^ 



2l(r>) 



22(n) 2- 



- - 



-45<p) 

-W(p) 

-13 
-12(n) 
-11(n) 



[H6] 




2Hn) 22(n) 23 



(15) 



W0fl¥ 1 1-1 8 6 6 5 1 



[07] 



15( P ) T 32<r>) 2Afp) 26(p) Z Q 32(n) W?) V 



13- 
12(n)- 
11(n) 



7 32* 

J=4 




27(n) 22{n) 23 



13 
-12 (n) 
-Wn) 

-1(n) 



[I28] 



LD1 



L02 



LOT 




Z — 12(n) 
11(n) 



-KnJ 



[01 0] 



31 



-1S(p) 

-KCp) 

-13 
-12(r») 

-1(n) 



[mi i] 



31 



-H(p) 

-12<n) 
-11(n) 



• IS j's : ■ .• - 



i .-■ : ■■■■ ". -v.v- 



.,r^ „ a . 



(16) 



¥11-1866 5 1 



[H9] 




» 



(17) 



1 1-1 8 6 6 5 1 



mi 2] 



31 



24<p>- 

23 — 
22<n>- 
2l(n)- 



-15(p> 

—13 
-^2(n) 
-11 (n) 

-Hn) 



[Hi 3] 



32(a) 



24(p)' 
23- 
22<n)- 
21{n)~F 




26(p) 



32(n) 



-i«(p) 
-13 



[Hi 4] 



-4 



32(n) 



2.5<p) 

?(5( p) 33^ 3fl n ) 



24(p) 
23- 
22(n)- 
21(n)- 




15Cp) 33 



-U(p) 
-13 
-12(h) 
H(n) 

-i(n> 



[Ell 5] 




» r 



(18) 



4$HB¥ 1 1 -1 866 5 1 



[Hi 6] 



52{p) 

S1(p) 
50(p 
49<p) 

46 

43(n) 



27(n) »jW 33»<p) 




24(p) 23 22(n) 21 (n) 



[Hi 7] 



v 



6i(p) 
50(p)| «2to) 5, 



2?(n> 



15(p) 




24(p) 23 22(n) 21 (o J 



[01 8] 



S\(P) 



A9(pK 

48(p)-v>r 



27(n) 2S{p)26(p) 



15fo) 17 




24<p) 23 22(a) 21<n) 




1 "■■ , * J .... ; ** -■; u.- if- ■ . ^ . '" -ft - " * 

i x • * s • -c £•*«•».*. *■ ». . ■ " *: 



•Js " 



r. 



•4- /W 



(19) 



1 1-1 8 6 6 5 1 



[H20] 




C £ CO w c 



(20) WBPP 1 1-1 8 6 6 5 1 



[[22 l] 




- -67(p> 

i-66(P> 
66(p) 
. 64 
3>63<nJ 
] ^62 (n) 

2 



102 2] 



31 




[1223] 



67(p) 



>6(p) 



65{p) 



31 

/ 



64 63(n) 



62(n) 



-I5(p) 
-14 (p) 

-13 
-12(n) 
-11 (n) 



[024] 



65(p) 



67(p) 66(p) 



33 



33 



45(p) 

-13 

-11 (n) 

-2 



64 63(n) 



61 



62(n) 



p 



[02 5] 



iv zp 



(21) 



¥fflf¥l 1-1 8 6 6 5 1 



33 



33 



-67<p) 
66(p) 
6S(p) 
-64 
-63 (n) 
62(n) 
■61 



15(p)- 

13 — 
12(n)- 
IKn). 



[H26] 



6?(p) 66{p) 6 ? ( J3 24(p) 25(pj 26(p) 



23 



3-15(p) 
14 Cp) 




64 63(n) 



61 
62(a) 



21<r>) 22(n) 23 



IM2 7] 



6?(p) 



65(p) 



24(p) 



4 



66(p) 



32(n) I 2 ? (p> 26Cp) 32<n) 



a u 6(p) T 



15(p) 



-14<p) 
—13 
?2fnJ 
-11 (r>) 

-2 



64 63(n) 



2Un) 22{n) 23 



62(n) 



[02 8] 



67<p) 



66(p) 



26(p) 



6a 65<p) 32(n) 2«p) j 26 



64 63(n) 



24 (p) 



32(n) i sfc) 17 



61 



7=^ 



-14(p) 
-13 
-12 fn) 
11(n) 

2 



62(n) 



21{n) 22(n) 23 



t 



(22) *RHIB¥l 1 - 1 8 6 6 5 1 



[1212 9] 



67(p) 

65{p> 
63(n)- 

61" 



L04 



1 



LD2 



\ 



L01 



2tfp> 26(p) 28 




-24 (p) 
^23 

"21(n) 



1S(p) 17 



-16(n) 
-K(p) 

^12(n) 
— 1t(n) 



[133 0] 




[S3 1] 



31 



67(P) 

-63(n) 
-62{n) 
^-61 

-2 



[H 3 2] 




(23) 



$fffi¥l 1-1 866 5 1 



[1113 3] 



65(p> 

67(p> 66(p)| 3i 



64 63(n) 



62(n> 



61 



-26 
-25<p) 

-24(p| 
^23 
: ~22<n) 
^~21(r») 

-2 



[H3 4] 



6?(P) 66(P) 65(p) 



64, S3(n) 62<n) 



61 



32(n) 



ftp) mn) 



^-24(p) 
23 

-22<n) 
-2l(n) 

~2 



[S3 5] 



67{p) 6603) 65(p) 



33 



64 63(n) &n) 61 



32(n) 



25{p)26(p)33 32 (fl) 



4~24(p) 
23 

22(n) 
-2 



[193 6] 



67(p) 66fp) 65(p) 



64 63{n) 62[r>) 



61 



25(p) 



26(p) 33 




(24) 



«BPPl 1 



[H37] 




[1338] 




1133 9] 





r 



